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Response of Soil Aggregate Stability Changes of Typical Huangmian Soil to Vegetation

Succession

GUO Zheng!, ZHANG Fengbao® #*, HUANG Yue?, LI Xuantian?, LI Tongliang®, SHEN Nan® 2, YANG Mingyi® 2, LI Shuchang*
(1 State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, College of Water and Soil Conservation
Science and Engineering, Northwest A & F University, Yangling, Shaanxi 712100, China; 2 Institute of Water and Soil
Conservation, The Ministry of Water Resources, Chinese Academy of Sciences, Yangling, Shaanxi 712100, China)

Abstract: In this study, soils at four stages of vegetation succession (grassland, seabuckthorn, poplar and Liaodong oak) in the
Ziwuling forest region of the Loess Plateau were selected as the research object, with the farmland soil as the control (CK). The
high energy moisture characteristic (HEMC) method was used to determine soil aggregate stabilities under different vegetation
succession stages, and explore the change characteristics and response factors. The results showed that surface (0—15 cm)
aggregate stability index (SR) showed grassland (0.43)<farmland (0.46)<seabuckthorn (0.49)<poplar (0.59)<Liaodong oak (0.70),
while subsurface soil (15-30 cm) SR was farmland (0.36)<grassland (0.46)<Liaodong oak (0.52)<seabuckthorn (0.65)<poplar
(0.68). On the whole, with the vegetation succession, the stability of soil aggregate was constantly enhanced, and the stability of
surface soil aggregate was not completely higher than that of subsurface. Besides soil organic carbon, aggregate stability was
equally closely related to soil particle size composition, with effective sand grains serving as the most important response factor
for soil aggregate stability.

Key words: Soil aggregate; Vegetation succession; Aggregate stability; High energy moisture characteristic (HEMC)
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Fig. 1 Water characteristic curves,

specific water capacity curves and pore contraction curves of surface soils (0 - 15 cm) under different

vegetation succession stages
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Fig. 4 Effective soil particle size compositionsand final soil particle size compositions under different vegetation succession stages
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Table 1  Soil physicochemical properties under different vegetation succession stages
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b 0~15 171.67 bA 8.50 aA 12.60 bA 1.24 cA 127.72 abB 2.77 aA 1.27 aA
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Fig. 5 Correlation between soil physicochemical properties and aggregate stability under different vegetation succession

3 it

AR FE R 3 BE K 7 5 PR I R B 4 T
e A ) R A 1 R B B - S A SRR AR E 1, IR HAE Ak
FHIE, B H R AR 2 R R R IR R E
PEHIHEbRAE P HE (SR)M it , 7R AH Xt [ Py HL B g
AR AT IRARTE E MRS BIF 5 B SR AT SR ARG S 1
REA b BB H RO B T 5 . X SR SIS R —
B, TR B U R B A RT DL e E - 0
PR IR LS I i S ARG E PR A B v, B 1A A5 1250
U W B e T R L DU P SR AR
TARH | i o AR SR A A R4
(A AN & AR R 2R SRR P77 A Y T
22 T LA 80 G 2 PSR 5 [ s A o+ S LA
AR, S ECE BRI B AR 5| ) 5, AT
$ T T HERRTR 2 T Rtk i 3 B E T 1261, 5 B
R, AWTFE K IR IR R E A e 4
TR o WO VIO 2R A e 75
HE T WARIR , (HRE LR E s . al
RE 2 AT HUBRS - 37 P SR RS P ) k2 A A i 2]
— € BH G B TROER, RV AEH s 1A Lk & B

KFET, R S R, 2 SRR A
S R R, AT WU B BE RN T, HoAth ) £
PP A A T X AT SR AR T A B T i 2™ i ke
TR AR EER I ERERZE, AREMT
TR T | A AR B A 29900
AT S IR - 98 A SR ARG T 5 A LR Z B AR 7R 5K
SR TEAC R X5 Six BB R 3, A
B A7 2 (ol P SR A 22 [0 (R 6 245 AN ik i 3
Wi, ek AR P R . BRADLRSL, 1R
IRt T REA 2 HAth N g m, 41 CaCOs B T1E
AR BERAT T 5 P A I A5 W T, TR AR AL 1
2 3 20 5% M) - 98 TR Sk [ 2 5 i AT SR A4 RS
B2 ARFSE kI IERR S LA PR . AR IR R
FEVEZ [ B AEAE U S R . 1X 5 Burke 2RI 53 £
SR S S L R IR A 4
AN—2L, 1 Monreal 55 BORFST H) & 8L+ 84 HLAK 5 4
Bk EE M. RS ERPHERAK, 8
JE RN BRBRL A Ah, B 2 B0T - 34 BT A 6145
[ o E 2 ST, A Aok A SR AR M 1 B A DGR
JER R, IR R RS A AR 28 I FLBR A 0 I 230 T 4

http://soils.issas.ac.cn



202 +

i

55 57 &

RLRURL /N2,y JORE 2 52 M) 1 398 P 3R 44K 22 ]
B TALBR, [RINPARL LGS 1 AR/, 7 A L
B RE B LA B - SR, SR A i A ) P RO R 2 A
ROEPRL | B APk 5 A RS S P2 W TG, 2
DR AR URL AR, AL S5 AT 0 A SR AR ol A 2R A
TRE 5tk ) N B A2 - AT SR AR TR A 44 23 5 (]
B A R AR A B R T 3 B R ) SR TR JE
IR R LA ) << S R AT ) UK AT AL 22 ]
(AR A A fe 2R B9,

4 it

D) BEH AR R BEAT , e R ARFR E VAN T
B o A | ILARKRERIZE TSR ARAS S E M i TR
JZ, H . VRIS

PARIS 1 S % AN wte S IR S € i VAN 243
BhoRLY S R IARFRE VEAF AR R A R R RE , Herp
AR Ay - S ASRARRR E W i 2 AR [ 1

FURT, & T MR AR E MR IE  2E P AE
AR ZEAE T AR AR fiE B 5 L PR AL 8 A 22 1] B AH
KRF, R Z 5T A 2 48 B8 A AT 3R
AR E MRS B N T A B e R IBIESE . IR, A1 3R
PRARE 1 N5 ST ik BE g i R 5% 2 2 HE B AR AR
B A ot — PR AL, SR T LIRS A DLRAE £ 4]
i, PO SRR PR R PRSI AR P AR R
— N EAFTETT I

SE k-

[1]1 BR%F, SBmems, fed, . ]Eefe. TR AR e
LAzl SCERHLE S e R 0], AR SER, 2021,
41(7): 2918-2929.

[2] Tisdall J M, Oades J M. Organic matter and water-stable
aggregates in soils[J]. Journal of Soil Science, 1982, 33(2):
141-163.

[3] Vogel H J, Balseiro-Romero M, Kravchenko A, et al. A
holistic perspective on soil architecture is needed as a key
to soil functions[J]. European Journal of Soil Science, 2022,
73(1): e13152.

[4] Mamedov A |,
characteristics:

Levy G J. High energy moisture
Linking between some soil physical
processes  and stability[M]//Advances in
agricultural systems modeling. Madison, WI, USA:
American Society of Agronomy and Soil Science Society

of America, 2015: 41-74.

[5] Ahuja L R, Ma L W, Timlin D J. Trans-disciplinary soil
physics research critical to synthesis and modeling of
agricultural systems[J]. Soil Science Society of America
Journal, 2006, 70(2): 311-326.

structure

(6]

(7]

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Le Bissonnais Y. Aggregate stability and assessment of soil
crustability and erodibility: 1. theory and methodology[J].
European Journal of Soil Science, 1996, 47(4): 425-437.
Strudley M W, Green T R, Ascough J C. Tillage effects on
soil hydraulic properties in space and time: State of the
science[J]. Soil and Tillage Research, 2008, 99(1): 4-48.
e, sk LE. LIERREPRERD]. LR,
2020(21): 131-137.

Misra R K, Teixeira P C. The sensitivity of erosion and
erodibility of forest soils to structure and strength[J]. Soil
and Tillage Research, 2001, 59(1/2): 81-93.

Nciizah A D, Wakindiki I | C. Physical indicators of soil
erosion, aggregate stability and erodibility[J]. Archives of
Agronomy and Soil Science, 2015, 61(6): 827-842.

Levy G J, Mamedov A |, Goldstein D. Sodicity and water
quality effects on slaking of aggregates from semi-arid
soils[J]. Soil Science, 2003, 168(8): 552-562.

Gholoubi A, Emami H, Caldwell T. Deforestation effects
on soil aggregate stability quantified by the high energy
moisture characteristic method[J]. Geoderma, 2019, 355:
1139109.

ARIEE, XEM, R4 FRISAXILHRIE 50 SFAHE
M4 & (3], PUALAE 41, 2002, 22(1): 1-8.
ILALRE, W3R, XVHDF, 5. 8 e SR B AT i AR
o - R T H A A PR B AR RRAE [J]. SRR, 2020,
57(2): 392-402.

B, JHR, R, & R ESHEXS TR -
SRR RRAE R SZ 0 [J]. P E AR R, 2007, 40(9):
1973-1979.

Childs E C. Stability of clay soils[J]. Soil Science, 1942, 53:
79-92.

WL, T, R, F IR T REK R L
BRI E AT R I]. K LIRS, 2022,
29(6): 431-437, 443.

Mamedov A |, Wagner L E, Huang C, et al
Polyacrylamide effects on aggregate and structure stability
of soils with different clay mineralogy[J]. Soil Science
Society of America Journal, 2010, 74(5): 1720-1732.
Collis-George N, Figueroa B S. The use of high energy
moisture characteristic to assess soil stability[J]. Soil
Research, 1984, 22(3): 349.

Mamedov A |, Beckmann S, Huang C, et al. Aggregate
stability as affected by polyacrylamide molecular weight,
soil texture, and water quality[J]. Soil Science Society of
America Journal, 2007, 71(6): 1909-1918.

Levy G J, Mamedov A I|. High-energy-moisture-
characteristic aggregate stability as a predictor for seal
formation[J]. Soil Science Society of America Journal,
2002, 66(5): 1603-1609.

Hosseini F, Mosaddeghi M R, Hajabbasi M A, et al.
Influence of tall fescue endophyte infection on structural
stability as quantified by high energy moisture

http://soils.issas.ac.cn



51 SROAESE . MY R 2 PR SRR 1 AR AT A g e Ry 203
characteristic in a range of soils[J]. Geoderma, 2015, 249: [29] EifZ, R, TIEWIRMEIZ S RN A i
87-99. £[J]. +HLEH, 2005, 36(3): 415-421.

[23] Pierson F B, Mulla D J. An improved method for [30] XIfs, Ehside, RMEZE, 4. TR T LR R ER
measuring aggregate stability of a weakly aggregated EEDFSTUE RS R[], £, 2018, 50(5): 853-865.
loessial soil[J]. Soil Science Society of America Journal, [31] SixJ, Bossuyt H, Degryze S, et al. A history of research on
1989, 53(6): 1825-1831. the link between (micro)aggregates, soil biota, and soil

[24] e, sk, WHE. 205 At i ol ik & & + 45 organic matter dynamics[J]. Soil and Tillage Research,
7 HLAS xF B R A e Mk R 3], 2B A2 ik, 2008, 2004, 79(1): 7-31.

23(10): 2176-2183. [32] . SLAY LM 4 A BRI E M AL S5 N

[25] &Xttfh, oni, BAOE, & TR R KR E H5E[D]. iz PUdbRMEHE R, 2022.

S 33 A R AR R E MR [J]. sk B ERFSE, 2005, [33] Burke I C, Yonker C M, Parton W J, et al. Texture, climate,
12(3): 27-28, 69. and cultivation effects on soil organic matter content in U.S.

[26] EAEE. F/F ISR ok 7R v 4 g SR AR MR grassland soils[J]. Soil Science Society of America Journal,
BIP FIVEIBLHI[D]. #aee: PEACRMREHE K%, 2021. 1989, 53(3): 800-805.

[271 b, &4, 2=, % PR HRRE T [34] Monreal C M, Schnitzer M, Schulten H R, et al. Soil
e T A R SE 0] K AR 2R, 2011, 25(2): organic structures in macro and microaggregates of a
157-161. cultivated Brown Chernozem[J]. Soil Biology and

[28] TWfE, /MBI, TihEs, &5, 8 4 B vk A Mo o Biochemistry, 1995, 27(6): 845-853.

B R v - A SRR S AR ST [I]. VI RMENE R [35] XWe, ¥, MR, HIEPBIRKNIE B E HLE:

S AR ), 2023, 51(10): 107-117.

BFSE IR S5 R A I]. + 8024, 2023, 60(3): 627-643.

http://soils.issas.ac.cn



